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�c, E,�änØ®²¤���­��ïÄ
�ª, ^u)ºpé�!�¬Æ!)ÔÆ�Ãõ+
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ÄK�N
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XJpA½�ä�°�5Ú­½5, ÏdCc5Å
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��
ó, E,�ä���8I´: éeZÀ
����!:Ñ\&Ò¦�E,�ä��ýÏ�
G�. Ù¥, E,�ä����15Úk�5´Ù
Ä:�K. �15´�E,�ä´Ä��, k�5
´�ü$����d [1]. �,, õêÆö@�, E,
�ä���A���XÚ�Ú\��ØïÄ¤J,

�´Äu��Øg�ïáE,�ä���nØe

�¿Ø´��{ü�¯K.

�d, 2011 c 5 � Liu, Barabasi �Äu�5X
Ú��nØïá
E,�ä��5�nØ�. [2]

({¡ LB �.). LB �.U
uy?¿ÿÀ(��
�5�ØCE,�ä���°Ä!:8. |^ LB

�.©Ûý¢�äÚeZE,�ä�.�(JL
²: 1) ��°Ä!:8���é�§Ýþ�Ý©Ù
�'; 2) °Ä!:ª�u;mpÝ!:. (Ø 2) k
Ou<��~£íäÚ± �ïÄ(Ø [3], =�ä
¥��äK�å�!:AT�pÝ!:, ��ù

!:éK����ä��z��. �,, �kïÄ
¤J�Ñ hub !:¿�´3DÂ¥�äK�å�
!: [4].
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{ä�äDÂ�!:, ~X;¾DÂ�ä¥��¼
!: [5]!>å�ä¥���!:!1�DÂ¥�
{äy� [6], �©òda!:Ú¡��¼!:.

�d, �©X­ïÄ�¼!:�ÑyéE,�
ä��5�K�, ­#�ï
ÄuDÂ�¼�E,
�ä���.. du#�.E,÷v�5XÚ��
nØ�Ä:b�, ÏdU«
 LB �.�`:, Ó�
U
©Û�3�¼!:�E,�ä���5. 3æ
^�Å�¼Ú8I�¼üÑ(½�¼!:��¹
e [7], æ^#�.©Û��ý¢E,�ä��15
Úk�5. Ù¥, 8I�¼æ^Ýê!0êÚ;�
Ýn��I(½�¼!:. �	ØÓa.�¼!:
éE,�ä��k�5�K�. (JL²: �'u
�Å�¼, XJUcãn��I£O!:�­�5,

¿ò�­��!:���¼!:, ò4��Jp�
�E,�ä�JÝ. ù�(JL²: =¦°Ä!:
��u$Ý!:, ÏLpÝ!p0ê½p;�Ý�
!:{ä&ÒDÂ%Uk�/K��ä���5,

l
3�½§Ýþ´L
 LB �.�1�(Ø.

2 Ä u � 5 X Ú � � � E , � ä
��5

�!X­0� LB �.�Ä�g�, ¿©ÛÙ
eZ"j. Äk�Ñ��!:!Ñ\!:!°Ä!
:���°Ä!:8�`². e�������E
,�ä¥¤k!:�G�, I��\��&Ò�!
:8Ü¡���!:8Ü, ^uéE,�ä¥��
�!:�\Ñ\��&Ò�N\!:¡�Ñ\!
:, Ø���ÓÑ\!:���!:8Ü¡�°Ä
!:8Ü, v±�����ä¥�Ü!:G�¤I
����°Ä!:8Ü¡���°Ä!:8Ü.

�(½°Ä!:, ©z [2] ò�5�ØCXÚ
���5nØA^uE,�ä��¥, A^ Lin (
���Ø [8] Ú��Ñ\�n?1©Û, ò�ä¥
°Ä!:�¦)¯K=z�¦)k�ã¥���
�>�¯K. ±eéù
nØ?1{ü0�.

2.1 ���555���ØØØCCCXXXÚÚÚ���������555

éu�5�ØCXÚ (A L«XÚ¥���é

��G�ëê, B L«��þëê):

x′(t) = Ax(t) + Bu(t), (1)

éÐ©�� t0(t0 ∈ T , T ��m½Â�) ÚÐ©
G� x(t0), XXÚ÷vXe^�: �3,�k��
� t1(t1 > t0, t1 ∈ T ), �±é�����þ u(t), U
3k��m [t0, t1] SrXÚG�lÐ©G� x(t0)

����:, = x(t1) = 0, K¡ t0���G� x(t0)

U�. eé t0 ���G��m¥�¤kG�ÑU
�, K¡XÚ3 t0��G���U�.

�âk�ùU�5�â, �(�Ý
 C =

(B,AB,A2B, · · ·, AN−1B) ÷��, = rank (C) =

N �, XÚ��.

âdïáE,�ä���nØe�, KéuE
,�ä G, N × N Ý
 A = {aij |i, j ∈ [1, N ]}
L«�ä ¥ ! : � � � ' X, Ù ¥ aij L«!
: j ��!: i �>���. �þ x(t) = (x1(t),

x2(t), · · ·, xN (t))T L« N �!:3�� t �G�,

N × M Ý
 B = {bij |i ∈ [1, N ], j ∈ [1,M ]} L
«!:�	Ü��&Ò�ë�'X, u(t) = (u1(t),

u2(t), · · ·, uM (t))T �M �Ñ\!:3 t���G
�, Ù¥ bij = 1 L«&Ò uj(t) �\�!: i þ,

bij = 0 L«&Ò uj(t)��\u!: i. Ï©z [2]

�G�ëêÝ
A^�´L«�ä!:m��'
X9'XrÝ���Ý
, Ïd�©�Ø2«©X
Ú�G�ëêÝ
ÚE,�ä���'XÝ
.

2.2 (((���������555¦¦¦)))���{{{

Lin (���nØ�Ñ±en�^��d: 1)

�5XÚ(���; 2) G(A,B) Ø¹Ø�� (inac-

cessibility) !:�Ø¹*Ü (dilation); 3) G(A,B)

d cacti (�)¤. Ù¥ cacti (��=Ø¹Ø�
�!:�Ø¹*Ü���(�, =e�Ø?�^
>ò��Ø��!:½*Ü�Ñy. Ø��, *
ÜÚ cacti (��äN½Âë�©z [2], ùpØ
2`².

©z [2] ¥(Ü��Ñ\�ny²: (��
�5¯K�±ÏL¦)k�ã����¯K5
)û. òk�ã G(A) =��Xe�©ã H(A):

H(A) = (V +
A , V −

A , Γ ), Ù¥ V +
A = {x+

1 , · · ·, x+
N},

V −
A = {x−

1 , · · ·, x−
N}, ©OL«G�Ý
 A ���

��1�!:8Ü, Γ = {(x−
j , x−

i )|aij 6= 0} L«
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>8. �â�©ã���{¦���!:����
!:, Ù¥����>���!:���!:, Ã
����>���!:����!:.

K�����ä G(A), �I�ò��&ÒÑ
\���!:¿��y��&Ò��?¿��!
:=�. ¦)�©ã������{, Ù�{�E
,Ý� O(N1/2L)[9], Ù¥ N ��ä¥!:ê, L�
>ê. éu���!:êØ� 0 ��ä, °Ä!:
ê=����!:ê, ����!:=�°Ä!:
��«�¹. éu���!:ê� 0 ��ä, °Ä

!:ê� 1,�ä¥?�!:þ�½Â�°Ä!:.

ã 1 ±����ä�~£ã¦�°Ä!:�
L§. �	ã 1(a) ¤«ÿÀ(��E,�ä, ò�
ä=z�ã 1(b) ¤«�Üã(�, �	d�Üã
�����>, ����>8��«|Ü�ã 1(c)

¥ùÚ�>8, �� v2, v3, v4, v5 ���!:, �
ã 1(a) �°Ä!:����!: v1, ã 1(d) ¥
d v2 − v3 − v4 /¤����� v5 �±/¤ cacti

(�, =�y
��!:���5, é!: v1 ��
�Ò�±�����ä�Ü!:�G�.

ã 1 £ã�{L§�~f (a)�äÿÀã; (b)�äéA��Üã; (c) �Üã�����>8; (d)�ä¥°Ä!:©Ù

2.3 ©©©ÛÛÛ���???ØØØ

3©z [2] uLÓ�Ñy�é LB �.�µØ
¤�Ñ�@�: ��ØÚE,�äïÄü�+�º
?;[�Ü�, ��¤õ�ò��Ø^uïáE,
�ä��5�nØ�. LB �. [10]. LB �.¤�
Ñ��
ÐÚ(Øé��\�n)E,�ä��
äk­�¿Â [11], ~X “°Ä!:ª�u;mpÝ
!:”.

�´, ����mÿ5�ïÄ¤J, LB �.E
,�3�
k��\ïÄ�?. Äk, LB �.�
��«Ï^�nØµe, 7,�À
ØÓa.E,
�ä¤¡��+�A:, ÏdÙ(ØI��½��
½â�±í2�äN+�. Ùg, LB �.�é�5
�ØCE,�ä, �´ý¢�E,�äÏ~���
5!�C�ä. ~X, pé��ÿÀ(���C, 1
�DÂ¥���5. 2g, LB �.éu��&Ò�
DÂb½Lu{ü, =�½: ?¿!:Â���&
Ò7,=u�¤ó��!:, = “�Â==u”. �
´, ý¢�ä¥ÊH�3{ä�äDÂ�!:, ~
X1�DÂïÄ¥�´�ü«DÂ�ªÑ@��

3{äDÂ��¹ [6]!±9;¾DÂ�ä¥��
¼!:!>å�ä¥���!:�.

1 3 !òÄu LB �.�é�3�¼!:�E
,�ä���5ÐmïÄ.

3 ÄuDÂ�¼�E,�ä��

�!�éDÂ�¼y�, 3E,�ä��¥Ú
\�¼!:�Vg, ?�Ú�õE,�ä���
. LB �..

�,E,�ä¥DÂ�{äy��~~�,

�´(½¢S�ä¥��¼!:¿�´��{
ü¯K, 'X<S�p�ä¥<�g�´Ã{°
(ýÿ�!�ØU¯k(½>åXÚ¥���!
:. éd, ~��Ãã´b�!:±�½�VÇ
=u&Ò, ù�´¾ÓDÂ�+�~��?nÃ
ã. �´, d�2A^1 2 !¥�E,�ä��
nØ, KØ2ÎÜ�5XÚ�^�. Ï��é!:
�\&ÒÑ\�, du&Ò´±�½VÇ�=u
�, ��3Ø(½5, b�!: ni ò&Ò±VÇ p

=u�!: nj , &Ò?1
üg=u, 1�g=
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u�!: nj G�UCþ� x1(nj), 1�g=u�
!:G�UCþ� x2(nj), XJügÑ=u¤õ,

nj G��UCþ� x(nj), Kéu�5XÚA÷
v x(nj) = x1(nj) + x2(nj), �´duVÇÏ��
�3, ù��ªØ�½¤á, ù�Ø÷v�5XÚ
��U\5. �I�æ�kOuVÇ��{éù«
�¹­#ï�©Û.

�©æ^�ØA½!:Ñ>��{{ä�ä
¥�&ÒDÂ, l
;�ÄuVÇ��{�"j.

Äk�Ñü�½Â.

½½½ÂÂÂ 1 e&Òéu�ä¥?¿!:�Â=�
=u, K¡���&Ò, P� u+(t) = (u+

1 (t), u+
2 (t),

· · ·, u+
M (t))T.

Ù¥ u+
1 (t), u+

2 (t), · · ·, u+
M (t) � M ���&

Ò.Ñ\��&Ò�!:¡���!:, Ø���
ÓÑ\!:���!:¡�°Ä!:, P� vD, °
Ä!:8ÜP� VD.

�©ÏLÑ\�¼&Ò(½@
é&Òå{
ä�^�!:.

½½½ÂÂÂ 2 é�ä¥��&Ò�DÂå�{ä
�^�&Ò, ¡��¼&Ò, P� u−(t) = (u−

1 (t),

u−
2 (t), · · ·, u−

M (t))T.

Ù¥ u−
1 (t), u−

2 (t), · · ·, u−
M (t)�ØÓ��¼&

Ò.Ñ\�¼&Ò�!:¡��¼!:, P� vD, �
¼!:8ÜP� VD.

��, �©ò&Ò©���&ÒÚ�¼&Òü
«, ��&Ò��^� LB �.¥&Ò��^��,


�¼&Ò��^�{ä��&Ò3�¼!:þ
�DÂ. �¼&Ò�Ôn¿ÂNy�: ¥ä½-�
��&ÒÏLd!:é�ä¥Ù¦!:�G��
)�K�. ~X, 3;¾DÂ�ä¥, �¼&Ò��
�!:òØ2´D/
; 3>å�ä¥, é!:�
\�¼&Ò, �±¥ä>&ÒÏLd!:�Ùe?
!:DÂ; 31�DÂ¥, 1�DÂò�u�\

��&Ò�!:. 3�õ LB �.�c, k�Ñk'
��&Ò��¼&Ò�A�ÎÒ�L«, �L 1.

L 1 &Ò9G��ÎÒL«

Ñ\&Ò Ð©G� �ªG� ��Ý


��&Ò u+(t) x+
0 (t) x+(t) B+

�¼&Ò u−(t) x−
0 (t) x−(t) B−

Äk, �	Ú\�¼&Ò�E,�ä��XÚ

´Ä÷v�5XÚ�^�. duéE,�ä�\�
¼&Ò, ò��u�Ø�¼!:�Ñ>, Kùa!
:7,Ø�2é��&Ò?1DÂ, =üØ
VÇ
Ï��K�, �y
��&Ò3E,�ä¥DÂ�
(½5, �dE,�äE´�5�ØCXÚ, Ù�
5'X�L«�

(c1u
+(t) + c2u

−(t), c1x
+
0 (t) + c2x

−
0 (t))

→ c1x
+(t)c2x

−(t), (2)

Ù¥ c1, c2�~þ.

Ùg, A^�5��XÚnØéE,�ä��
�5?1©Û, �¼&Ò��^Ny���Ý
 A

����UC, Ñ\�¼&Ò��#��Ý
P
� A, A = {aij}, éu ∀i, j ∈ [1, N ], aij ÷v

aij =

 0, j ∈ VD,

aij , Ù¦.
(3)

du�¼&Ò==å�&Ò{ä��^, ¿Ø
3�ä¥?1DÂ, � (1) ª¥���Ý
 B �
^ B+ O�, Ïd, ÄuDÂ�¼��5��XÚ
��.�L«�

x′(t) = A(t) + B+u+(t). (4)

�d, Ú\�¼!:�E,�ä���.==
z�� LB �.aq��., Ù«O3 A � A �
É5, Ïd, 3é�¼!:\\�¼&Ò�, �±A
^ LB �.¦), �¼&ÒØ=å�
{ä�ä¥
&ÒDÂ��^, ÙnØ��Ö
VÇ=u�3�
j". e¡±����ä�~, `²þã�{�Ä
�L§.

éã 2(a) ¤«��ä, �	Ú\�¼!:��
°Ä!:�©Ù�¹. ã 2(b) �ÑA^ LB �.O
��°Ä!:�¹, °Ä!:�ã¥�ÉÚ!:,

= v6, v7, v9. ã 2(c) �Ñéã 2(a) ¥�ä�Å½
Â 20%�!: (= 3 ��Ú�!:, v3, v4, v11) �
�¼!:��ä�#ÿÀ(�, ã¥7Ú>��Ø
�Ñ>, éù 3 �!:�\�¼&Ò, A^#�.
¦)°Ä!:�(J�ã 2(d) ¥ÉÚ!:, = v5,

v6, v7, v9. =��ä¥ v3, v4 , v11 �Â&Ò�Ø=
u�, I�O\°Ä (��) !: v5.

I�`²�´, ÄuDÂ�¼�E,�ä��
�;¾�DÂ�¼�ïÄ8��3«O. E,�ä
���8I����Ü!:�G�, ÙÄ:��
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ä�.��5�ØC�ä, V\�¼&Ò�8�
´Jp���ä¥�Ü!:�JÝ. 
;¾DÂ�

¼ [12] 8I3uü$;¾�DÂ�Ý, ¿Ø�¦�
��Ü!: [13].

v

v

v
v

v

v

v

v

vv

v

(a) (b)

(c) (d)

v

v

v
v

v

v

v

v

v
v

v

v

v

v

v

v

v

v

v

vv

v

v

v

v
v

v

v

v

v

v

v

v

ã 2 �ä¥Ñy�¼!:�°Ä!:�Cz�¹ (a) ��ä; (b)�ä¥°Ä!:©Ù; (c) ½Â�¼!:���äÿÀ(�;

(d) V\�¼!:��°Ä!:©Ù

4 ¢��©Û

�Oé=«a.�!:�\�¼&Ò�±J
pE,�ä���JÝ, ùé�ä����15Ú
k�5ïÄäk­�¿Â, �!òéù�¯K?1
©Û.

�©æ^©á�Å�¼Ú8I�¼ü«üÑ
�o��{(½�¼!:, é 14 �ý¢�ä��
�5?1©Û. éu�Å�¼, ���Å�½Â�
ä¥��¼!:=�; éu8I�¼, b½�ä¥
�­�!:��¼!:. ÏLþãü«üÑéE,
�ä��5�K��ä: !:�­�5�E,�ä
��5�'X. éu!:­�5�Ýþ, �©æ^
E,�änØ¥�	!:¥%5��I5Ýþ, =
Ýê�I!0ê�I!;�Ý�I, Ù¥, Ýê�

I£ã!:�±�!:�)���K�å [14], 0
ê�I�x�ä¥!:éu&E6Ä�K�å [15],

;�Ý�I�x�ä¥!:ÏL�ä���ä¥
Ù¦!:�J´§Ý [16].

¢�(JL²^ù 3 ��IL«!:�­�
5�, ò­��!:���¼!:, 4��O\

��ä���JÝ. 
3À��Óêþ��¼!:
�cJe, 8I�¼�'�Å�¼U
�k��K
�E,�ä���5, Jp�ä���JÝ.

4.1 êêêâââ888©©©ÛÛÛ

�©æ^L 2 ¥ 14 �êâ8?1¢�©Û,

êâ8�9&?�ä! Ô�ä!>å�ä! 
²�ä!Ú^�ä!���!ÏA�!�¬�S
�äÚ�¬|��ä�õ�+�.
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L 2 êâ8&E9°Ä!:ê

êâ8©a êâ8 !:ê >ê ²þÝ °Ä!:ê °Ä!:'~

Trust Wiki-Vote 7, 115 103, 689 29. 15 4736 0. 67

Food Web
Florida 128 2106 32. 91 30 0. 23

Mondego 46 400 17. 39 19 0. 41

Power Grid USpowerGrid 4, 941 13188 10. 68 575 0. 12

Neuronal
celegansneural 297 1017 6. 86 109 0. 37

Caenorhabditis elegans 306 2345 15. 33 58 0. 19

Citation hep-th 27, 770 352, 807 25. 41 5994 0. 22

WWW
nd. edu 325, 729 1,497,134 9. 19 220552 0. 68

polblogs 1, 224 19, 025 31. 19 418 0. 34

Internet
p2p-2 8, 846 31, 839 7. 20 5111 0. 58

p2p-3 8, 717 31, 525 7. 23 5033 0. 58

Social Communication UCIonline 1, 899 20, 296 21. 38 614 0. 32

Intra- organizational
Freemans-1 34 695 40. 88 1 0. 029

Consulting 46 879 38. 22 2 0. 04

4.2 ¢¢¢������©©©ÛÛÛ

Äkéù 14 ��ä, A^ LB �.O�Ñ°Ä
!:êÚ°Ä!:�©Ù�¹.

ã 3 �Ñ�ä¥!:9°Ä!:�Ý�²þ
Ý�'�©Ûêâ, dã 3(a) ��, °Ä!:;m

pÝ!:, �Ù°Ä!:¥$Ý!:�'~pu
�N�ä¥$Ý!:¤Ó�'~, ã 3(b) �Ñ

°Ä!:¥$u²þÝ�'~��ä¥$u²þ
Ý�!:'~'��­�ã, Ù�þ�u 1. Ïd,

E,�ä��¥°Ä!:�À�ª�ÀJ$Ý!
:Ø´���Åy�. �´du'�ÊH�$ (�
u 2), Ty�´Ä�±o(�Ê·5Æ, ���\
&Ä.

Ùg, ©Ûù
¢S�äÚ\�¼!:���
�5.

éu�Å�¼, 3�ä�ÅÀ��ä¥ 10%!
:���¼!:, �	°Ä!:O\'~��¹,

¿­E¢� 20 g, �²þ�.

é u 8 I � ¼, © O U�ä ¥ ! : � Ý �
I (DC)!0ê�I (BC)!;�Ý�I (CC) ��
�5½Â�¼!:. O��ä¥¤k!:z«�
I����, ò�ä¥�!:U�I����^S
y©� N1, · · ·, N10 ù 10 �8Ü, �yz�8Ü¥
þäk 10%�!:, �!:ê� 10 ��ê�,��
y N10 ¥�!:êþ, 3 N9 ¥ÀJ�I�$�!

:V\� N10 ¥.

ã 3 E,�ä¥!:9°Ä!:�Ý�²þÝ�'�©Ûã
(a)�ä¥!:9°Ä!:Ý©Ù; (b) '�©Û

ã 4(a) �ÑU�Å�¼üÑÀJ�¼!:�
�ä¥°Ä!:O\��¹, ã 4(b), (c), (d) ©O�
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Ñ DC, BC, CC ÀJ�¼!:��ä¥°Ä!:O
\��¹, ã¥J�IÑ�ÅÀJ�¼!:¤�°
Ä!:'~O\�²þ�. L 3 �Ñ�Å�¼üÑ

e��ä¥°Ä!:O\'~��'ÚOêâ, 9
Uù 3 ��IÀ��­��c 10%�!:���
¼!:�°Ä!:O\'~�êâ. Ï� Ô�!

ã 4 8I�¼�°Ä!:O\'~ (a) �ÅüÑ½Â�¼!:; (b) UÝ�I½Â�¼!:; (c) U0ê�I½Â�¼!:;

(d) U;�Ý�I½Â�¼!:

L 3 °Ä!:O\�¹�ÚO�

êâ8
8I�¼ �Å�¼

DC BC CC ²þ� �� ��� ���

�¬�S –UCIonline 0.309558 0.30962 0.30962 0.198883 0.00012 0.219975 0.169483

ÏA� –p2p-2 0.151438 0.166112 0.142047 0.071141 0.00000 0.074741 0.066132

��� -polblogs 0.267943 0.279904 0.236842 0.14677 0.00016 0.167464 0.12201

&?� -Wiki-Vote 0.024704 0.019003 0.019215 0.00227 0.00000 0.003801 0.001267

Ú^� –hep-th 0.249917 0.29029 0.276443 0.179771 0.00000 0.185018 0.172339

>å� –USpowerGrid 0.84 0.794783 0.732174 0.610087 0.00025 0.634783 0.575652
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 ²�!|��5�'��, 3dØ�©Û, �©
�Ñ�¬�S�!ÏA�!���!&?�!Ú
^�9>å��êâ©Û�¹.

dã 4 ÚL 3 ¥êâ©Û��, ��¼!:�
­�Ý�O\, �ä¥°Ä!:O\�'~O\,

38I�¼¥ò�­��!:���¼!:�, °
Ä!:�O\'~�u�Å�¼¥°Ä!:O\
'~����; �ÀJ�Ø­��!:���¼!
:�, Ù°Ä!:O\'~�u�Å�¼¥°Ä!
:O\'~����; ���¼!:�­�Ý u
c 50%�, Ù°Ä!:O\�'~þ�u�ÅÀ�
�¼!:�°Ä!:O\'~�²þ�. Ïd��
Ñ(Ø, XJò�ä¥Ýê!0êÚ;�Ý�I�
p�!:���¼!:, ò4��Jp��E,�
ä�JÝ.

ù�(JL²: =¦°Ä!:��u$Ý!
:, ÏLpÝ!p0ê½p;�Ý�!:{ä&Ò
DÂ%Uk�/K��ä���5. d(Ø� Liu

�< [2] �(Ø¥°Ä!:;mpÝ!:�(Ø¿
Øgñ, 
´éÙ�kÃÖ¿.

©Ûã 4 ¥êâ, k±eü�y�: 1) &?�
ä Wiki-Vote òÙ�­�� 10%!:���¼!:
�, Ù��JÝO\²w, ÎÜcã(Ø; 
Ù{�
¹O\þØ²w, Ù�Ï��ä¥ 66%�!:�°
Ä!:, ��?�ÚJp°Ä!:êþ®²4�(
J. 2) U;�Ý�IÀJ>å�ä USpowerGrid �
�¼!:�, Ù°Ä!:O\�'~þ�u�Å�
¼�²þ�, Ù�Ï��ä¥!:�;�Ý���
=� 0. 08182, ��u���� 0.5185, ��!:;
�Ý��©Ù�éþ!, Ïd^;�Ý5ïþd�
ä¥!:�­�Ý¿ÂØ�. Ïd, cãy�3?
�Ú<y�©(Ø�Ó�, �`²E,�ä�+�
5A:.

��, l LB �.�Ø%nØÄ: Lin (��
�5nØ, ?�Ú©Ûd¢�(J.

duÄuDÂ�¼�E,�ä��5ÏL�
Ø�¼!:�Ñ>, ¦�ä�ÿÀ(�u)
C
z, Ïd©ÛdCzé�ä¥Ø��!:�*Ü
�K�.

�òÝê!0ê½;�Ýp�!:���¼

!:�,´Ä¬��Ù���!:�¤�f�äÑ
y*Ü, ±9��f�äÑy*Ü�VÇ´Ä�p,

ù�¯K�Øy�9��¼!:���!:�m
�ÿÀ'X, �JÏLnØy². Ïd�©X­©
Û#OØ��!:��¹. Ø��!:�Ø�3d
Ñ\!:�d!:�k�´»�!:.

L 4 Ý!0ê!;�Ý�ÑÝ��'5

�'5 UCIonline p2p-2 polblogs

Ý�ÑÝ 0. 9711 0. 7213 0. 7717

0ê�ÑÝ 0. 8953 0. 5336 0. 5969

;�Ý�ÑÝ 0. 6130 0. 7111 0. 4582

é²w, 3Ø�ÄÙ¦Ï��cJe, �ØÑ
Ý��!:�Ñ>ò����#O�Ø��!:
�ê8�õ. lù��Ý?�Ú©Û!:�Ý!0
ê�;�Ý�ÑÝ�I��'5. L 4 Äun��
ä, æ^ pearson �'Xê©Ûn��I�ÑÝ�
�'5. Ù¥ pearson �'Xê���ªCu 1, Ù
��'5��.

��, n��I�����!:���¼!:,

�Ø�Ñ>�õ, ò��Ø��!:Ñy�VÇ�
�. Ïd, #O°Ä!:ê8�õ, l
4��Jp
��E,�ä�JÝ.

5 ( Ø

¢SXÚï���ä¥, ¿�¤k!: “Â�
&Ò==u”, �éù�¯K, �©é 2011 c Liu �
< [2] �E,�ä��5nØ?1*Ð, JÑÄu
DÂ�¼�E,�ä��5nØ, (JL², XJ
ò�ä¥Ýê!0êÚ;�Ý�I�p�!:�
��¼!:, ò4��Jp��E,�ä�JÝ.

E,�äXÚ��5ïÄE�3éõ¯Kk
�?�ÚïÄ©Û, �): �¼&Ò�*Ü�nØ
'X, ØÓ+�¥���¿Â, Ñ\&Ò���!
:�ë�ÀJ¯K, ��5�CE,�ä����.

a � À � � Æ & E � Æ � ó § Æ � Üâó �Ç

�?Ø.
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Controllability of complex networks based on
propagation immunization∗
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Abstract

Control of complex network reflects humans’ comprehension of complex system and the ability to reform it. Up-to-date research

establishes the controllability theory of the complex networks based on linear system control theory. The theory could find a minimal set

of driver nodes which controls all nodes’ state in a linear time invariant complex network with any topology. However, this theory does

not take into account the immune node or failure node which blocks the control signal. While inheriting the advantages of the theory,

in the paper we first refine the complex network control model based on propagation immunization. Second we adopt four methods

which belong to random immunization strategy and targeted immunization strategy to determine the immune nodes, and analyze the

controllability of 14 real networks. The experimental results show that when the nodes which have higher degrees, betweeness or

closeness are treated as immune nodes, the control of complex networks will become more difficult.

Keywords: control of complex network, propagation immunization, immune nodes
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